
NATIONAL BUREAU OF STANDARDS REPORT 

99300 

A New Photoelectric Filter Spectroradiometer 

Measurements at Table Xountain 
and its use i n  Spectral Solar Irradiance 

by 
Ralph Stair and W i l l i a m  R .  Waters 

Metrology Division 
National Bureau of Standards 

Washington, D.C. 

Supported by 
National Aeronautics and Space Administration 

ORDEZ R - 1 1 6  

Y 

r (THRU)  (ACCESSION NUMBER1 
U 
0 

c !?.".=E=: ICODEl 

4 

? 

( N A S A  CR d R  TMX OR A D  NUMBER1 



I t 



I 
b 

. 

I .  

I 
i. 

NATIONAL BUREAU OF STANDARDS REPORT 

NBS PROJECT NBS REPORT 

2 120419 $19300 

A New P h o t o e l e c t r i c  F i l t e r  Spectroradiometer 
and i t s  use i n  Spectral  Solar  I r r a d i a n c e  

Measurements a t  Table Mountain 

bY 
Ralph S t a i r  and William R. Waters 

Metrology Divis ion 
Nat ional  Bureau of Standards 

Washington, D. C. 

Supported by 
Nationa 1 Aeronautics and Space Adminis t ra t ion 

ORDER R-116 

NATIONAL BUREAU O F  STANDARDS or progress accounting documents intended 

U. S. DEPARTMlNT OF COMMERCE 
NATIONAL BUREAU OF STANDARDS 



. 
A New P h o t o e l e c t r i c  F i l t e r  Spectroradiometer 

and i t s  use i n  Spec t r a l  S o l a r  I r r a d i a n c e  
Measurements a t  Tab 1 e Mounta i n  

Ralph S t a i r  and William R. Waters 

I. Introduct ion.  

I .  
I During t h e  p a s t  f i f t y  yea r s  a considerable  amount of data have been 

ob ta ined  on t h e  s p e c t r a l  i r r a d i a n c e  from t h e  un penet a t i n g  the e a r t h ' s  
atmosphere. 
t o  1940 were c a r e f u l l y  summarized by P. Moon qP f o r  use by engineers.  More 
r e c e n t l y  t h e  publ ished data on s o l a r  i r r ad iance  was analyzed by F. S .  

f o r  wavelengths s h o r t e r  than about 3000A (300 nni). 
included rocke t  and ba l loon  data covering t h e  s h o r t e r  wavelengths a s  w e l l  
a s  f u r n i s h i n g  a more d e t a i l e  survey of t h e  longer wavelengths. Other 
surveys6i  and measurements 2' not  included i n  the Johnson r epor t  f u r n i s h  
a d d i t i o n a l  information and a g r e a t e r  d e t a i l e d  a n a l y s i s  of t he  s o l a r  spec - 
t r a l  energy d i s t r i b u t i o n .  Needless t o  say the d i f i e r e n t  r e p o r t s  a r e  not  

data  a s  r ega rds  both s p e c t r a l  composition anu t o t a i  i r r a d i a n c e .  
e s t  u n c e r t a i n t y  i s  i n  the  u l t r a v i e l e t  s p e c t r a l  region. 

The measurements made by P e t t i t 1 7  AbbotZf and o t h e r s  31 p r i o r  

I Johnson 5'. The Moon summary contained no information on s o l a r  i r r a d i a n c e  
Thc Johnson summary 

i 

I 
I i n  complete agreement and the re  s t i l i  remain u n c e r t a i n t i e s  i n  the  s o l a r  

The g r e a t -  

The r ecen t  development of new rt'7rris\v ciand u l t r a v i o l e t  i n t e r f e r e n c e  I 

I a c c u r a t e  measurement of  the s p e c t r s l  so l a r  i r r a d i a n c e .  Previously,  t h e  
f i l t e r s  81 of high q u a l i t y  has maae poss ib l e  a new approach toward the  

use of f i l t e r s  has  been inconvenient because only wide-band f i l t e r s  o r  
f i l t e r s  having m u l t i p l e  transmission bands were a v a i l a b l e .  Now, through 
e f f i c i e n t  blocking, high t ransmission f i l t e r s  having narrow-band c h a r a c t e r -  
i s t i c s  se t  a t  s p e c i f i e d  wavelengths a r e  r e a d i l y  a v a i l a b l e  commercially. 
These do not give the high d i spe r s ion  possible  with a g ra t ing ,  nor even 
t h a t  p o s s i b l e  wi th  a good p r i s m  instrument but  s ince  the  s o l a r  data a r e  f o r  
p r a c t i c a l  purposes usua l ly  smootnea i n  teL-rn5 of lOOA (10 nm) i n t e r v a l s ,  the 
a v a i l a b l e  f i l t e r s  a r e  completely s a c i s i a c t o r y  i n  t h i s  respect .  

11. Instruments and Methods. 

9 i  The instrument employed i n  t h i s  work was o r i g i n a l l y  set  up i n  i t s  
gene ra l  form f o r  use i n  s o l a r  simulator s p e c t r a l  i r r ad iance  measurements - . 
A modified form of t h e  instrument was automated and s e t  up t o  cover the  
u l t r a v i o l e t  s p e c t r a l  region only,  through t h e  use of t e n  f i l t e r s  (nine 
narrow band and one wide-band) f o r  use i n  a study of s o l a r  and sky i r r a d i -  
ance a t  two l o c a t i o n s  i n  the  Los Angeles a rea  (one i n  downtown Los Angeles 
and a second s t a t i o n  on M t .  Wilson) a s  a p a r t  of an a i r  p o l l u t i o n  study 
c a r r i e d  on under the  auspices  of t h e  U.S.P.H.S., t o  determine the  a v a i l -  
a b l e  s o l a r  u l t r a v i o l e t  i r r a d i a n c e  i n  a smog a rea  r e l a t i v e  t o  t h a t  p re sen t  

made i n  terms of the i r r a d i a n c e s  a t  d i f f e r e n t  wavelengths inc iden t  on a 

I 

~ j u s t  o u t s i d e  (and above) t h e  smog. I n  t h i s  work the  measurements were 
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hori.zcmta1 surface.  For the  Table Mountain work descr ibed i n  the  p re sen t  
r e p o r t  t h e  Los Angeles instrumentat ion was modified t o  permit measurement 
of t h e  d i r e c t  s o l a r  i r r a d i a n c e  i n c i d e n t  on a plane normal t o  the s o l a r  r ays .  

’hr; F i p r e  1 i s  shown a laydut diagram of t h e  p h o t o e l e c t r i c  spec t ro -  
radiometer and a u x i l i a r y  equipment a s  employed a t  Table Mountain October 28 
t:o Xwember 1, 1965. 
i n t eg ra t i r ig  sphere which was coated with a t h i c k  l aye r  of BaSO 
ec t r ance  and e x i t  p o r t s  were each 112 inch i n  diameter, t he  sphere diameter 
being 4 inches. 
a p e r t u r e  a t  a d i s t ance  of about 10 inches t o  l i m i t  the  angular  a p e r t u r e  
to a small  conical  angle  surrounding t h e  sun. The e x i t  opening was cover- 
ed by d s h i e l d  and Corning f i l t e r  9863 having high opac i ty  w i t h i n  the  
1;isible spectriim t o  e l imina te  any poss ib l e  i r r a d i a n c e  w i t h i n  t h i s  r eg ion  
of the spectrum t h a t  might be t r ansmi t t ed  by any one of the u l t r a v i o l e t  
f i l t e r s  e 

The s o l a r  d i r e c t  i r r a d i a n c e  was c o l l e c t e d  i n  t h e  
The 4’ 

The entrance p o r t  was sh i e lded  by a tube and def ining 

A f i l . t k r  wheel. c a r ry ing  one wide-band and 9 narrow-band i n t e r f e r e n c e  
iilters aad 2 blanks (zero t ransmit tance)  was s e t  a t  about 6 inches from 
the  spl;.Ere e x i t  p o r t  so t h a t  a narrow beam of u l t r a v i o l e t  f l u x  passed 
(zcar  l y  perperidicularly) through each of t h e  f i l t e r s  onto an RCA-935 
p€wbuC?lectric c e l l  a s  t h e  f i l t e r -whee l ,  was s t e p - r o t a t e d  by a synchronous 
miitor and geneva-drive mechanism. 
blank ( ze ro  transmittance) was s e t  i n  p o s i t i o n  f o r  a pe r iod  of about 10 
s e ~ 0 ~ 1 . d ~  ( s u f f i c i e n t  time f o r  t he  pico-ammeter and r eco rde r  t o  r e g i s t e r  on 
a s t r i p  c h a r t  a d e f i n i t e  va lue ) .  
spectra.1. i r r ad iance  was r e g i s t e r e d  once each r evo lu t ion  of the f i l t e r  
wheel (25 t i m e s  per kour).  The complete o p t i c a l  and p h o t o e l e c t r i c  s e tup  
a s  we l l  as t:he, rnc>tor d r ive  were encl.osed i n  a l i g h t - t i g h t  box which was 
pai.-ted wh i t e  ou t s ide  and black i n s i d e  and mounted on a p o l a r  a x i s  t o  
.t‘tr.l.l.l?w i:he sirl.1. 

I n  t h i s  manner each f i l t e r  and each 

Thus t h e  measurement of each s o l a r  

For purpi)ses of c a l i b r a t i o n  a t  i n t e r v a l s  du r in  ach day a 1000-watt 
qilartz i.3diri.e lamp s tandard of s p e c t r a l  i r r a d i a n c e  h7 was placed above 
the I o t e g r a t i n g  sphere ( a t  a measured d i s t ance )  and t h e  output  through 
the  10 f i l t e r s  was recorded over a pe r iod  of s e v e r a l  minutes (during 2 t o  
3 r o t a t i o w  nf  t h e  f i l t e r  disk) .  

‘Lr-c ypt (.:Tal t ransmit tance of each of t h e  9 narrow-band i n t e r f e r e n c e  
t i l t :ei  3 emp1 lyid a t  Table Mountain i s  dep ic t ed  i n  Figure 2 .  Each f i l t e r  
kas a half-band width of approximately 10 nm,, and i t s  c e n t r o i d  i s  s i t u a t e d  
nrar  even 10-nm i n t e r v a l s  from 310 nm t o  390 nm. 

I-. ‘_‘at12 1 a r e  t a h i l a t e d  (iy columri 2)  t h e  r e l a t i v e  response of t he  
R L ~ A  i:.ype 9’35 phototube (115) wher. i r r a d i a t e d  by a 1000-watt qua r t z - iod ine  
lamp  s t anda rd  of s p e c t r a l  i r r a d i a n c e  11131 through Corr?ing f i l t e r  9863 
a d  t d ~ h  i n re r f e rence  f i l t e r  i n  turn,  ( i n  column 3) t h e  wavelength c e n t r o i d  

-?del these same condi t ions,  and ( i n  column 4 ) ,  a s  an example, t h e  co r -  
re.i !.io11 t h a t  s l iw ld  be app l i ed  when t h e  s p e c t r a l  energy d i s t r i b u t i o n  O f  

Zhe i r r a d i a t i q ,  source i s  t h a t  of t h e  sun ( c a l c u l a t e d  f o r  even 10 nm 
i . r i L c r V d l s )  a s  determined a t  Sacramento Peak, New Mexico 7 /  f o r  a i r  mass 
1.0 r a t h e r  than that; o f  lamp standard 11131. The s p e c t r a l  da t a  on these  
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ources, t h i s  de t ec to r ,  and Corning f i l t e r  9863 a r e  a l s o  included i n  Figure 2 .  

The ins t rumenta t ion  r equ i r ed  bu t  l i t t l e  a t t e n t i o n  i n  i t s  use s ince  a l l  
opera t ions ,  except f o r  s e t t i n g  up and opera t ing  the  s tandard  lamp f o r  c a l i -  
b ra t ion ,  were automated. The usua l  se rv ice  cons i s t ed  i n  keeping the  qua r t z  
hemisphere cover c lean ,  the  recorder  pen cleaneit and  f i l l e d ,  an occas iona l  
adjustment of t he  instrument  f o r  c o r r e c t  azimuth and dec l ina t ion ;  and the  
marking of time, a i r  mass, and o the r  p e r t i n e n t  weather and a i r  p o l l u t i o n  
information on the  recorder  s t r i p  c h a r t  o r  a s soc ia t ed  notebook. 

An examination of column 2 of Table I d i s c l o s e s  t h a t  t h e r e  i s  a f a c t o r  
of more than 10 between the  h ighes t  and lowest i n t e g r a t e d  ins t rumenta l  read-  
ings  f o r  OIE source. A f u r t h e r  v a r i a t i o n  of about 10 occurred between the  
e a r l y  morning (or l a t e  a f te rnoon)  readings and those obtained near the  noon 
hour. Since it i s  imprac t i ca l  t o  change ins t rumenta l  s e n s i t i v i t y  e i t h e r  
between t h e  i n t e r p o s i t i o n  of f i l t e r s  o r  during t h e  day, another  method was 
employed t o  keep a l l  da t a  on a reasonable c h a r t  s c a l e .  This  cons i s t ed  of 
p l ac ing  (permanently) p e r f o r a t e d  me ta l  screens (of va r ious  t ransmi t tances)  
over most of t he  f i l t e r s  so t h a t  i n  a l l  cases  the  short-wave s p e c t r a l  r eg ions  
produced readable  d e f l e c t i o n s  while  t he  o the r  s p e c t r a l  reg ions  produced de- 
f l e c t i o n s  not  exceeding t h e  c h a r t  l i m i t s  o r  t he  f a t i g u e  l e v e l  f o r  t h e  photo- 
tube.  The t ransmi t tance  va lues  f o r  these  screens  were no t  r equ i r ed  and have 
no t  been obta ined  f o r  use i n  t h e  reduct ion  of t h e  da t a  s ince  t h e i r  e f f e c t  
cance l s  ou t  i n  t h e  mathematical  handl ing of t he  da ta .  Figure 3 shows a 
s h o r t  s e c t i o n  of t he  r eco rde r  c h a r t  covering an i n t e r v a l  of about twelve 
minutes i n  mid-morning and i l l u s t r a t e s  the  na tu re  of t he  recorded da ta .  The 
time delay f o r  t he  r eco rde r  pen t o  reach a cons tan t  va lue  i s  inherent  i n  the  
r eco rde r  s ince  both the  p h o t o e l e c t r i c  tube and t h e  pico-ammeter have very 
s h o r t  t i m e  cons t an t s .  I n  reducing the  data  the  va lue  reached near t he  end 
of t he  exposure i n t e r v a l  was employed i n  each case .  

The p h o t o e l e c t r i c  ou tput  was f e d  i n t o  a Kei th ley  Model 417 dc 
pico-ammeter a l though t h i s  r e s u l t e d  i n  a s m a l l  ze ro  upscale  d e f l e c t i o n  a t  
a l l  t imes i t  was r e l a t i v e l y  cons tan t  and u s u a l l y  only a few d i v i s i o n s  on t h e  
r eco rde r  c h a r t .  
t o  l e s s  t han  10 m i l l i v o l t s  and provided f o r  in te rmedia te  steps i n  the  
r eco rde r  response no t  a v a i l a b l e  through the  use of t he  normal s e n s i t i v i t y  

A s p e c i a l  v o l t a g e  d iv ider  reduced the  pico-ammeter ou tput  

I s t e p s  of t he  pico-ammeter. 

Determinations of t h e  a i r  mass over t he  Table Mountain s t a t i o n  were 
'1 ob ta ined  from measurements of  t h e  s o l a r  a l t i t u d e  a t  i n t e r v a l s  each day. 

This was accomplished by observing the length  of shadow formed by a v e r t i -  
c a l  rod  s e t  on a o r i z o n t a l  metal  t ab l e .  Ord ina r i ly ,  however, a more 
e l e g a n t  method 27, making use of t he  cu r ren t  i s s u e  of t he  American 
Ephemeris and Nau t i ca l  Almanac 12/, would be employed i n  t h i s  determinat ion.  
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111. Resul ts .  

The equipment was se t  up on Table Mountain, C a l i f o r n i a  (Lat.  34.382 
deg. N.,  Long. 117.681 deg. W.)  a t  an e l e v a t i o n  of 7,225 f e e t ,  and operated 
during 5 days from October 2 8  t o  November 1, 1965. During t h i s  time a 
heavy smog condi t ion e x i s t e d  i n  t h e  Los Angeles b a s i n  and usua l ly  some smog 
spread up t o  o r  over the Table Mountain a rea  each af ternoon (sometimes 
during the morning). Most mornings, however, were r e l a t i v e l y  c l e a r  and 
some very good data  were obtained.  Unfortunately,  due t o  the  l a t e n e s s  of 
t he  season the s o l a r  e l e v a t i o n  never reached a l t i t u d e s  corresponding t o  a i r  
masses l e s s  than 1.5. Hence e x t r a p o l a t i o n  t o  zero a i r  mass con ta ins  g r e a t -  
e r  u n c e r t a i n t i e s  than i s  t h e  case when a i r  masses near 1.0 a r e  reached a t  
noon. 

I n  the reduct ion of t h e  da t a  t h e  observed r eco rde r  d e f l e c t i o n s  were 
p l o t t e d  f o r  each f i l t e r  a s  a func t ion  of t h e  time of day. Figure 4 
i l l u s t r a t e s  such a p l o t  f o r  t he  350 nm f i l t e r  a s  observed on October 30. 
Similar  p l o t s  were made f o r  t h e  o t h e r  8 narrow-band f i l t e r s .  (The data 
f o r  the wide-band f i l t e r  was not employed i n  t h i s  work. It could poss ib ly  
be used a s  a check on o v e r a l l  u l t r a v i o l e t  i r r a d i a n c e s ) .  
f o r  the recorder d e f l e c t i o n s  were read from t h e  r e s u l t i n g  45 curves a t  
s e l e c t e d  times corresponding t o  a i r  masses 3.6, 3.4, ..., and 1.5 and a r e  
p l o t t e d  i n  log form i n  Figure 5. Mean va lues  f o r  morning and af ternoon 
were employed. Hence, each curve i n  t h i s  f i g u r e  r e p r e s e n t s  t h e  average of 
10 s e t s  of data covering the 5 days during which the  measurements were i n  
progress .  The va lues  obtained i n  the af ternoon f o r  equal  a i r  masses were 
lower than the morning va lues  due t o  an inc rease  i n  a i r  p o l l u t i o n  (smog, 
water  vapor, e t c . )  during the  day. On some days the  decrease was g r e a t e r ,  
and while  the r a t e  of decrease may not  have been p r e c i s e l y  constant ,  t he  
mean curves shown i n  t h i s  f i g u r e  (No. 5) do not  show any r a d i c a l  departure  
from a s t r a i g h t  l i n e .  The i n t e r c e p t  a t  M = 0 i s  n o t  ( a s  noted above) the  
s o l a r  i r r ad iance  ou t s ide  the atmosphere b u t  simply r e p r e s e n t s  a recorder  
d e f l e c t i o n  corresponding t o  t h a t  a t  zero a i r  mass. ( I n  f a c t  t h e  curves 
f o r  t he  370, 380, and 390 nm bands have been a r b i t r a r i l y  a d j u s t e d  up o r  
dawn s c a l e  by the  amounts i n d i c a t e d  on the  c h a r t  i n  o rde r  t o  l e s s e n  con- 
f u s i o n  on the  p l o t  i n  the  v i c i n i t y  of t he  logari thm 2.0). This procedure 
was followed i n  o rde r  t o  reduce g r e a t l y  t h e  mathematical  c a l c u l a t i o n s  i n -  
volved. Thus, t h e  f a c t o r s  f o r  t he  s tandard lamp i r r a d i a n c e s  and adjustments 
f o r  c e n t r o i d  p o s i t i o n  f o r  t he  va r ious  f i l t e r s  were a p p l i e d  only once f o r  t h e  
da t a  o b t a i n e d w i t h  each f i l t e r  i n s t e a d  of being employed f o r  t he  24 p o s i t i o n s  
e n t e r i n g  i n t o  the f i n a l  r e s u l t s  f o r  each of t h e  f i v e  days. 

The mean va lues  

An a l t e r n a t e  method f o r  t he  data  r educ t ion  would have been the  
determinat ion of  t he  s o l a r  curve a t  t he  wavelengths corresponding t o  the  
c e n t r o i d  pos i t i ons .  While t h i s  would have r e s u l t e d  i n  cons ide rab le  s i m -  
p l i c i t y  and possibly higher  accuracy the r e s u l t i n g  da ta  would have had 
overlapping and missing bands r e s u l t i n g  i n  complicat ions i n  the  i n t e g r a t i o n  
of t he  t o t a l  s o l a r  curve. 

L 
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IR Table I1 w e  have t a b c l a t e d  a number of q u a n t i t i e s  e n t e r i n g  i n t o  o r  
having a d i r e c t  r e l a t i o n s h i p  t o  t h e  data  r educ t ion  process .  These include 
t h e  scandard lamp da ta  a t  t he  even wavelength p o s i t i o n  acd a t  t h e  c e n t r o i d  
pos i t i on ;  the Sacramento Peak Ll evaluat ion of  t h e  s o l a r  curve f o r  both 
the  even wavelength and f o r  t he  cen t ro id  pos i t i on ;  t he  r equ i r ed  pe rcen t  
c o r r e c t i o n  t o  t h e  computed da ta  t o  s h i f t  from the  c e n t r o i d  t o  the nominal 
even values;  t he  s o l a r  i r r a d i a n c e  f o r  a i r  mass = 0, determined a t  Table 
Mountain during t h e  p e r i o d  of October 28 t o  November 1, 1965; and f i n a l l y  
t h e  c o r r e c t e d  va lue  of t he  s p e c t r a l  s o l a r  i r r a d i a n c e  f o r  t h e  mean s o l a r  
dis tance.  
t he  f i n a l  da t a  a s  l i s t e d  i n  column 8. 

The l a t t e r  c o r r e c t i o n  amounted t o  -1.41 percent  and was app l i ed  t o  

The da ta  t a b u l a t e d  i n  column 4 of Table I1 and i l l u s t r a t e d  i n  Figure 
6 f o r  t he  s p e c t r a l  d i s t r i b u t i o n  of t h e  i r r a d i a n c e  from t h e  sun a s  d e t e r -  
mined a t  Sacramento Peak, New Mexico, have been reduced from t h a t  r epor t ed  
i n  t h e  o r i g i n a l  p u b l i c a t i o n  L/ by approximately 4.5 percen t  r ep resen t ing  
the  probable e r r o r  i n  the  e a r l y  type of tungsten-in-quartz  lamp s t anda rd  
of s p e c t r a l  i r r a d i a n c e  employed i n  the New Mexico work. Al so  i n  Figure 6 
and shown by t h e  c i rc les  a r e  the r e s u l t s  ob ta ined  i n  t h e  p re sen t  i n v e s t i -  
ga t ion .  The c l o s e  agreement i n  t h e  two s e t s  of data  fo r  most regions of 
t h e  u l t r a v i o l e t  spectrum i s  g r a t i f y i n g .  

Supplementary t o  t h e  measurement of t h e  d i r e c t  u l t r a v i o l e t  s p e c t r a l  
s o l a r  r a d i a t i o n  on November 1 some data  were obtained on t h e  amount of 
atmospheric s c a t t e r i n g  a t  d i f f e r e n t  wavelengths i n  t h e  u l t r a v i o l e t  i n  
v a r i o u s  a r e a s  of t he  sky. Between about 9:30 and 10:30 a.m. (P.S.T.) t h e  
f i l t e r  spectroradiometer  was pointed a t  e l e v a t i o n s  cen te red  on even 9 
degree i n t e r v a l s  from the  e a s t e r n  horizon t o  the  western horizon and t h e  
da t a  i n  Figure 7 were obtained.  The data a+, wavelengths 360, 370, 380, 
and 390 nm so nea r ly  coincided with those a t  330, 340, 350, and 360 nm 
t h a t ,  t o  avoid complete confusion on the c h a r t ,  they were omitted from 
t h i s  i l l u s t r a t i o n .  It i s  noted t h a t  a t  a l l  wavelengths higher  va lues  were 
obtained i n  t h e  d f t s t e r n  sky; a l s o  t h a t  higher  v a l u e s  were obtained near 
t h e  horizon. 
w a s  cons t an t  a t  about 20  degrees - -  the  v a l u e  employed i n  a l l  t h e  observa- 
t i o n s  on the d i r e c t  s o l a r  r a d i a t i o n .  There appears t o  be l i t t l e  o r  no 
s e l e c t i v e  wavelength e f f e c t  present  i n  these  da t a .  The drop near t he  
horizon probably r e s u l t e d  pr imari ly  because t r e e s  and o t h e r  o b j e c t s  ob- 
s t r u c t e d  a c l e a r  view of Lhe sky a t  the lower angles .  Other i r r e g u l a r -  
i tLes i n  t h e  d a t a  w e r e  caused by clouds and o t h e r  a i r  p o l l u t i o n s .  

I n  a l l  c a s e s  t h e  angular  a p e r t u r e  of t h e  f i l t e r  radiometer 

I n  Figure 8, da t a  s i m i l a r  t o  t h a t  of Figure 7 a r e  summarized f o r  sky 
scans from northwest t o  southeast  (data  taker, between about 11:OO a .m.  
and 1:00 p.m.) and from norcheast  t o  southeast  (data  taken between 2:OO 
and 4 : O O  p,m.). A t  near 27 degrees above t h e  southwest horizon the  r a d i -  
ometer i n t e r c e p t e d  t h e  sun. The high i r r a d i a n c e s  above and below the 
s o l a r  p o s i t i o n  i n d i c a t e  t h e  magnitude of u l t r a v i o l e t  s c a t t e r i n g  i n  the 
sky a r e a  surrounding the  SUR. Cloudiness below t h e  SUR probably reduced 
t h e  lower v a l u e s  somewhat s i n c e  the  radiometer viewed t h e  clouds on t h e i r  
lower darker  s i d e .  
ing,  e s p e c i a l l y  f o r  a low SUII, add much t o  t h e  u n c e r t a i n t y  ir, the. data  

me r e l a t i v e l y  high v a l u e s  of t h e  atmospheric s c a t t e r -  
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ob ta ined  a t  t h i s  s t a t i o n .  Hence, t h e  g r e a t  importance of extending work i n  
t h i s  a r e a  a t  a high a l t i t u d e  s t a t i o n  such a s  i s  a v a i l a b l e  on Mauna Loa where 
b u t  l i t t l e  water vapor o r  o the r  a i r  p o l l u t a n t s  a r e  p re sen t  and where a n  a i r  
mass of 1.0 may be obtained i n  May and J u l y  each summer. Considerable 
improvement can and w i l l  be obtained through reducing the  angular ape r tu re  
of t h e  radiometer. P re sen t  plans a r e  under development f o r  making such 
measurements during July-August 1966. 

The authors acknowledge w i t h  apprec i a t ion  the  a s s i s t a n c e  afforded them 
by John K. Jackson i n  ob ta in ing  the measurements and by Roger E .  Brown i n  
the reduct ion of the da t a .  
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Table I 

In te r f e rence  
F i l t e r  

nm 

3 10 

320 

3 30 

340 

3 50 

3 60 

370 

3 80 

3 90 

F i l t e r  T Wave length  Percent  
x Lamp energy c e n t r o i d  c o r r e c t i o n  when 
x phototube Resp nm measuring s o l a r  
x Corning 9863 T i r r ad iance  

( A i r  Mass; M = 1.0 

1172 309.42 + 2.9 

3345 322.29 - 3.0 

4663 331.58 + 1.4 

5 145 340.65 + 0.8 

9759 352.70 + 3.2 

12500 360.22 + 0.2 

10539 371.80 + 2.5 

8805 381.33 + 1.9 

7609 392.10 - 2 . 7  
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I .  Legends t o  I l l u s t r a t i o n s  

Figure 1. Block diagram showing the ins t rumenta l  layout .  A l l  o p t i c a l  
components were placed in s ide  a l i g h t - t i g h t  box, pa in t ed  
white on t h e  outs ide  and black in s ide .  
45-vol t  b a t t e r y  source were connected through a s p e c i a l  
sh ie lded  coax ia l  cab le  to  t h e  pico-ammeter whose output  was 
f e d  through a s p e c i a l  vo l tage  d iv ide r  f o r  proper  match a t  
s e l e c t e d  vo l t age  s t e p s  with a s tandard  1 0 - m i l l i v o l t  s t r i p -  
c h a r t  recorder .  The box conta in ing  t h e  o p t i c s  was mounted 
on a motor-driven po la r  ax i s .  

The phototube and 

Figure 2 .  Spec t r a l  c h a r a c t e r i s t i c s  of t h e  f i l t e r s ,  phototube, 1000- 
wa t t  quar tz - iod ine  lamp s tandard  of s p e c t r a l  i r r ad iance ,  and 
t h e  sun. The o rd ina te s  a r e  exact  f o r  the n ine  i n t e r f e r e n c e  
f i l t e r s ,  divided by 5 for  Corning g l a s s  No. 9863, and r e l a t i v e  
only f o r  the  phototube, s tandard  lamp and t h e  sun. 

Figure 3. Short  s e c t i o n  of recorder  c h a r t  covering 5 r o t a t i o n s  of t he  
f i l t e r  wheel (about 1 2  minutes) during mid morning. This 
shows the  constancy of t he  zero d e f l e c t i o n  and the  gradual  
increase  i n  s o l a r  i r r ad iance  during t h i s  12 minute per iod.  

Figure 4. Recorded va lues  of s o l a r  i r r a d i a n c e  through the  350-nm 
f i l t e r  a s  observed on October 30, 1965. This c h a r t  is 
r e p r e s e n t a t i v e  a s  regards  s c a t t e r  of the  data  obta ined  w i t h  
t h e  o the r  f i l t e r s ;  a l s o  s i m i l a r  t o  those obtained on o the r  
days. 

F igure  5. Determination of d e f l e c t i o n  r ep resen t ing  s o l a r  i r r a d i a n c e  
ou t s ide  the  atmosphere through graphing t h e  logari thm of 

mass). Mean of data  for  f i v e  days (October 2 8  t o  November 
1, 1965). 

' t h e  observed data  a s  a func t ion  of t h e  s o l a r  angle  ( a i r  

F igure  6. S p e c t r a l  d i s t r i b u t i o n  of t h e  i r r a d i a n c e  f r a n  t h e  sun ( a f t e r  
S t a i r  and Johnston, Ref. 7) w i t h  o rd ina te  reduced approximate- 
l y  4.5 percent  t o  c o r r e c t  t o  new s tandard  of s p e c t r a l  i r r a d i -  
ance. C i r c l e s  i nd ica t e  s o l a r  i n t e n s i t i e s  from Table Mountain 
f i l t e r  measurements of 1965. 

.. 
Figure  7.  Atmospheric s c a t t e r i n g  a s  a func t ion  of e l e v a t i o n  above 

horizon, e a s t  t o  zeni th  t o  west, f o r  a con ica l  angle  of 
approximately 20 degrees f o r  f i v e  of the  n ine  10-nm s p e c t r a l  
bands during t h e  morning on November 1, 1965 a t  Table Mountain. 

F igure  8. Mean atmospheric s c a t t e r i n g  f o r  10-nm bands fo r  a l l  wavelengths 
between 330 and 390 nm, northwest t o  zen i th  t o  southeas t  wi th  
da ta  taken near t h e  noon hour; and s i m i l a r  da ta  taken i n  mid- 
a f te rnoon from nor theas t  t o  zen i th  t o  southwest. 
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Figure 5. 
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